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Abstract
Superpartners of goldstino — scalar and pseudoscalar sgoldstinos — interact weakly with ordinary particles. One
or both of them may be light. We consider a class of supersymmetric extensions of the Standard Model in which
interactions of sgoldstinos with quarks and gluons conserve parity but do not conserve quark flavor. If the pseudoscalar
sgoldstino P is light, mP < (mK−2mpi), and the scalar sgoldstino is heavier, mS > (mK−mpi), an interesting place for
experimental searches is the poorly explored area of three-body decays of kaons, K0S,L → pi+pi−P , K0S,L → pi0pi0P and
K+ → pi+pi0P , with P subsequently decaying into γγ, possibly e+e−, or flying away from the detector. We evaluate the
constraints on the flavor-violating coupling of sgoldstino to quarks which are imposed by K0L−K0S mass difference and
CP-violation in neutral kaon system, and find that these constraints allow for fairly large Br(K → pipiP ). Depending
on the phase of sgoldstino-quark coupling, most sensitive to light pseudoscalar sgoldstino are searches either for decays
K0L → pipiP or K+ → pi+pi0P and K0S → pipiP . Generally speaking, there are no bounds on Br(K0L → pipiP ). For most
values of the phase, branching ratio of K+ → pi+pi0P is about three orders of magnitude smaller than Br(K0L → pipiP )
and the branching ratios of K0S → pipiP are very small. However, for a certain phase the situation is opposite. We find
that the most interesting ranges of branching ratios start at
Br(K0L → pipiP ) ∼ 10−3 , Br(K+ → pi+pi0P ) ∼ 10−4 , Br(K0S → pipiP ) ∼ 10−3 .
These searches for light pseudoscalar sgoldstino would be sensitive to the supersymmetry breaking scale
√
F in the 100
TeV range and above, provided MSSM flavor violating parameters are close to their experimental bounds. We also
briefly discuss the cases of light scalar sgoldstino and relatively heavy sgoldstinos.
1. In supersymmetric models of particle physics, spontaneous supersymmetry breaking results in the appearance
of a Goldstone fermion — goldstino — which becomes the longitudinal component of gravitino. There should exist also
superpartners of goldstino, pseudoscalar P and scalar S, both neutral under all gauge interactions. The masses of P
and S are in general different; their values are model-dependent and may well be lower than a few GeV or even a few
MeV. These bosons — sgoldstinos — are indeed light in various versions of both gravity mediated theories [1, 2] and
gauge mediated models (see, e.g., Ref. [3] and references therein). It is certainly of interest to search for sgoldstinos at
colliders [4, 5, 6] and in rare decays [7, 8].
Interactions of sgoldstinos with ordinary quarks, leptons and gauge bosons are suppressed by the scale, traditionally
denoted by
√
F , at which supersymmetry is broken in the underlying theory. On the one hand, this means that sgoldstinos
are naturally weakly coupled to ordinary particles. On the other hand, sgoldstinos, in similarity to gravitinos, are potential
sources of information about this fundamental scale, which otherwise enters low energy physics indirectly, through soft
supersymmetry breaking masses and couplings of ordinary particles and their superpartners.
Below the electroweak scale, interactions of sgoldstinos with quarks and gluons may or may not conserve parity. If
parity is not conserved, there is no real distinction between the pseudoscalar sgoldstino P and scalar sgoldstino S insofar
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as their couplings to hadrons are concerned. If parity is conserved, the situation is different: we will see that the low energy
phenomenology of the light pseudoscalar sgoldstino is not completely standard. In this paper we will mostly consider the
case of parity-conserving sgoldstino interactions, and comment on the opposite case in appropriate places.
Parity conservation in sgoldstino interactions with quarks and gluons (as well as with leptons and photons) may not
be accidental. As an example, it is natural in theories with spontaneously broken left-right symmetry, as we discuss in
Appendix 1. We note in this regard that left-right symmetric extensions of MSSM (for a review see, e.g., Ref. [9]) not
only are aesthetically appealing but also provide a solution [10] to the strong CP-problem, which is a viable alternative
to the Peccei–Quinn mechanism. It is likely that sgoldstino interactions will conserve parity in supersymmetric versions
of other models (see, e.g., Ref. [11]) designed to solve the strong CP-problem without introducing light axion1.
Parity-conserving low energy interactions of pseudoscalar sgoldstino P with quarks are written2 as follows [12, 13, 5],
LP,q = −P · (h(D)ij · d¯i iγ5dj + h(U)ij · u¯i iγ5uj) , (1)
where
di = (d, s, b) , ui = (u, c, t) .
In general, the coupling constants h
(D,U)
ij receive contributions from various terms in the Lagrangian of an underlying
theory. In particular, there are always contributions proportional to the left-right soft terms in the matrix of squared
masses of squarks,3
h
(D)
ij =
1√
2
m˜
(LR)2
D,ij
F
, (2)
h
(U)
ij =
1√
2
m˜
(LR)2
U,ij
F
. (3)
We will use Eqs. (2) and (3) later on to estimate the sensitivity of low energy experiments to the scale of supersymmetry
breaking,
√
F .
The low energy interactions of scalar sgoldstino S are governed by the same coupling constants (again assuming parity
conservation),
LS,q = −S · (h(D)ij · d¯idj + h(U)ij · u¯iuj) . (4)
It has been pointed out in Refs. [7, 8] that sgoldstino interactions generically violate quark flavor and CP. Flavor
changing processes and CP-violation occur due to off-diagonal elements in the (Hermitian) matrices of couplings h
(D,U)
ij ;
these off-diagonal elements are generally complex. In this note we will be primarily interested in kaon physics, in which
case the relevant flavor-violating terms in the low energy Lagrangian are
LP,q = −P · (h(D)12 · d¯ iγ5s+ h.c.) , (5)
LS,q = −S · (h(D)12 · d¯s+ h.c.) .
These terms induce two major effects in kaon physics. First, sgoldstino exchange contributes to K0L−K0S mass difference
and CP-violation in the system of neutral kaons, as shown in fig. 1. Second, if sgoldstinos are sufficiently light, they can
1More realistically, loop effects induce non-zero parity-violating terms in the low energy sgoldstino-quark Lagrangian even if such terms are
absent at the tree level. In the context of left-right models, we find in Appendix 1 that these loop contributions are small.
2If parity is not conserved in sgoldstino-quark interactions, the particle P couples to both pseudoscalar and scalar densities, q¯iiγ5qj and
q¯iqj . If the scalar coupling is considerable, low energy phenomenology of P is similar to that of S. The latter will be discussed towards the
end of this paper.
3One of the conditions ensuring parity conservation in sgoldstino-fermion interactions is that the left-right soft mass matrices are Hermitian,
[m˜
(LR)2
D
]† = m˜
(LR)2
D
, and similarly for m˜
(LR)2
U
and m˜
(LR)2
L
, where m˜
(LR)2
L
refers to sleptons.
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Figure 1: Sgoldstino contribution to K0L −K0S mass difference and CP-violation in the system of neutral kaons.
be produced in kaon decays. Let us discuss these two effects in turn.
2. We begin with the pseudoscalar sgoldstino P . If it is light, mP . mK , its contribution to K
0
L−K0S mass difference
is readily calculated in chiral theory
∆mK ≡ mK0
L
−mK0
S
= [(Reh
(D)
12 )
2 − (Imh(D)12 )2]
B20f
2
K
mK(m2K −m2P )
,
where fK = 160 MeV and the constant B0 is related to quark condensate, 〈0|q¯q|0〉 = − 12B0f2pi, fpi = 130 MeV, that is
B0 = M
2
K/(md +ms) = 1.9 GeV. Neglecting the mass of P and requiring that sgoldstino contribution does not exceed
the actual value of ∆mK , we obtain in the case of light pseudoscalar sgoldstino
|(Re h(D)12 )2 − (Im h(D)12 )2| < 5 · 10−15 . (6)
In what follows we will not assume any cancellation between (Re h
(D)
12 )
2 and (Im h
(D)
12 )
2, so we estimate
|h(D)12 | . 7 · 10−8 . (7)
The contribution of the pseudoscalar sgoldstino exchange into CP-violating term m′ that mixes K1 and K2 (we use the
standard notations [14]) is also straightforwardly evaluated in chiral theory,
∆m′ = Re h(D)12 · Im h(D)12 ·
B20f
2
K
mK(m2K −m2P )
.
Requiring that the corresponding contribution into the parameter ǫ of CP-violation in kaon system is smaller than its
measured value (and again neglecting sgoldstino mass), we find
|Re h(D)12 · Im h(D)12 | < 1.5 · 10−17 . (8)
Now, light pseudoscalar sgoldstino can be produced in kaon decays, as shown in fig. 2. Parity conservation implies
K0
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Figure 2: Kaon decay into sgoldstino and pions.
that these decays involve at least two pions in the final state,
K → ππP .
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The dominant amplitudes come from non-derivative couplings of mesons and P , so the pions are in s-wave state within
this approximation. Then it is straightforward to see that the charged kaon decay K+ → π+π0P is forbidden at this
level4. On the other hand, the non-derivative couplings of K0, pions and P is straightforward to calculate in chiral theory,
LP,K0,pi,pi =
2B0
3fpi
· P ·
[
h
(D)∗
12
(
K0π+π− +
1
2
K0π0π0
)
+ h
(D)
12
(
K¯0π+π− +
1
2
K¯0π0π0
)]
.
Neglecting for a moment the Standard Model CP-violation in the neutral kaon system, we find the partial widths of K0L
and K0S ,
Γ(K0L → π+π−P ) = 2Γ(K0L → π0π0P ) = (Re h(D)12 )2
mKB
2
0
576π3f2pi
· F (mP ,mpi,mK) ,
Γ(K0S → π+π−P ) = 2Γ(K0S → π0π0P ) = (Im h(D)12 )2
mKB
2
0
576π3f2pi
· F (mP ,mpi,mK) ,
where F (mP ,mpi,mK) is a correction factor accounting for finite masses of pions and P ; at mP ≈ 0 it is equal to F ≈ 0.3 .
Decays of charged kaons, K+ → π+π0P , are due to isospin violation as well as chiral loops and derivative couplings in
the effective meson-sgoldstino Lagrangian. These are numerically small [15, 16], and the decay amplitudes are somewhat
suppressed. A chiral theory estimate (see Appendix 2) gives at small mP
Br(K+ → π+π0P ) ∼ 8.5 · 1010 · |h(D)12 |2 .
The ranges of Br(K → ππP ), allowed by constraints (6) and (8), depend on the phase of h(D)12 . Hence, we have to
consider three cases.
(i) Generic phase of h
(D)
12 , i.e., Im h
(D)
12 ∼ Re h(D)12 . We make use of the constraint (8) to obtain the following bounds
Br(K0L → π+π−P ) . 2 · 10−3 , Br(K0L → π0π0P ) . 1 · 10−3 ,
Br(K0S → π+π−P ) . 3 · 10−6 , Br(K0S → π0π0P ) . 1.5 · 10−6 , (9)
Br(K+ → π+π0P ) . 1.5 · 10−6 .
We note that in this case the decays of K0S are not particularly interesting, whereas the branching ratio of K
+ → π+π0P
is about three orders of magnitude lower than Br(K0L → ππP ),
Br(K+ → π+π0P )
Br(K0L → π+π−P )
=
1
2
Br(K+ → π+π0P )
Br(K0L → π0π0P )
∼ 10−3 . (10)
(ii) Small phase of h
(D)
12 , i.e., Im h
(D)
12 ≈ 0. In this case the constraint (8) is irrelevant. The constraint (6) does not
imply any meaningful bounds on Br(K0L → ππP ) but gives for K+-decay
Br(K+ → π+π0P ) . 4 · 10−4 . (11)
The relation between the branching ratios, Eq. (10), still holds. The decays K0S → ππP occur due to CP-violation in the
Standard Model and are suppressed by the square of the SM parameter ǫ. Bounds on Br(K0S → ππP ) are very strong,
Br(K0S → π+π−P ) < 6 · 10−9 , Br(K0S → π0π0P ) < 3 · 10−9 ,
so in this case search for light pseudoscalar sgoldstinos in K0S-decays is hopeless.
(iii) Phase of h
(D)
12 is close to π/2, i.e., Re h
(D)
12 ≈ 0. Again, the constraint (8) is irrelevant. In this case the decays
K0S → ππP are unsuppressed, whereas the decaysK0L → ππP are suppressed by ǫ2, as they originate from the CP-violation
4As the only relevant term in the effective Lagrangian is given by Eq.(5), sgoldstino P behaves in the process K → pipiP as a component
of an isodoublet. By Bose statistics, s-wave state of two pions has either isospin 0 or isospin 2. In the case of K+ → pi+pi0P , the isospin-0
state of two pions is impossible, so the total isospin of the final state is at least 3/2. Hence, K+ → pi+pi0P is forbidden, in the leading order
of derivative expansion, by the conservation of total isospin.
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in the Standard Model. The constraint (6) then implies the following bounds
Br(K0L → π+π−P ) . 3 · 10−6 , Br(K0L → π0π0P ) . 1.5 · 10−6 ,
Br(K0S → π+π−P ) . 1 · 10−3 , Br(K0S → π0π0P ) . 0.5 · 10−3 , (12)
Br(K+ → π+π0P ) . 4 · 10−4 ,
Thus, unlike the previous two cases, the search for light pseudoscalar sgoldstino in three-body decays of K0S and K
+ is of
particular interest for Re h
(D)
12 ≈ 0.
To complete the picture of K → ππP , let us briefly discuss the decays of sgoldstinos. Light sgoldstino decays into two
photons or into a pair of charged leptons due to the following terms in the effective low-energy Lagrangian [12, 13, 5],
LP,γ = gγ · P · 1
2
ǫµνλρF
µνFλρ , LP,l = −h(L)ij · P · l¯i iγ5lj , (13)
where
gγ =
1
2
√
2
Mγγ
F
,
Mγγ is of the order of the photino mass, and the contribution to h
(L)
ij related to soft slepton masses is
h
(L)
ij =
1√
2
m˜
(LR)2
L,ij
F
.
Scalar sgoldstino interacts with photons and leptons in a similar way. Almost everywhere in the parameter space, two-
photon decays of sgoldstinos dominate, although there exist regions where sgoldstinos decay mostly into e+e−-pair [8].
Depending on gγ and h
(L)
ij , sgoldstino decays either inside or outside the detector: as an example, at Mγγ ∼ 100 GeV
and
√
F ∼ 1 TeV, sgoldstino flies away from the detector if mP . 10 MeV; otherwise it decays inside the detector into
two photons. At Mγγ ∼ 100 GeV and
√
F ∼ 10 TeV the borderline is at mP ∼ 200 MeV. Given the uncertainties in
supersymmetry breaking parameters, no reliable estimate of sgoldstino lifetime can be presently made.
To summarize, very interesting probe of physics of supersymmetry breaking is the search for processes
K0L → π+π−P , K0L → π0π0P→֒ γγ →֒ γγ
K0L → π+π−P , K0L → π0π0P , invisible P
Generally, K0L−K0S mass difference does not impose any upper bounds on the branching ratios of these decays, but from
Eq. (9) we infer that it is most interesting to search for these decays at the level Br(K0L → ππP ) ∼ 10−3 and below.
Search for
K0L → π+π−P , K0L → π0π0P→֒ e+e− →֒ e+e−
at the same level, is also of interest. For most values of the phase of the sgoldstino-quark coupling h
(D)
12 , the branching
ratio of the decay K+ → π+πP is about three orders of magnitude lower than Br(K0L → ππP ), whereas the decays
K0S → ππP are strongly suppressed. In the special case Re h(D)12 = 0, however, the most promising places to search for
light pseudoscalar sgoldstino are three-body decays of K+ and K0S. The interesting ranges of the branching ratios of the
decays
K0S → ππP , (P → γγ, invisible, e+e−)
and
K+ → π+π0P , (P → γγ, invisible, e+e−)
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start in that case at
Br(K+ → π+π0P ) ∼ 4 · 10−4 , Br(K0S → ππP ) ∼ 10−3 ,
while Br(K0L → ππP ) is three orders of magnitude smaller than Br(K0S → ππP ), and two orders of magnitude smaller
than Br(K+ → π+π0P ).
To the best of authors’ knowledge, there exists only one experimental limit [17] directly related to the processes under
discussion,
Br(K+ → π+π0X(X → invisible)) . 4 · 10−5 , mX < 80 MeV ; (14)
for heavier X-particle the limit is weaker. This result is important for the models with light pseudoscalar sgoldstino
escaping from the detector. Indeed, the limit (14) is one order of magnitude stronger than the bound from kaon mixing
in the cases (ii) and (iii) (see Eqs. (11) and (12)). Besides this direct constraint, there are two other experimental
results which are of interest in our context. These are measurements of Br(K0L → π+π−e+e−)=3.5 · 10−7 [18] and
Br(K0S → π+π−e+e−)=5.1 · 10−5 [19]. These results demonstrate possible sensitivity of search for sgoldstino decaying
inside a detector into e+e− pair, although no limits on the partial widths of K0L,S → π+π−X(X → e+e−) have been
obtained yet.
3. To get an idea of the sensitivity of searches for pseudoscalar sgoldstino in kaon decays to the fundamental
parameter of supersymmetric theories,
√
F , let us make use of Eq. (2). We recall that the off-diagonal entries m˜
(LR)2
12 in
the matrix of squared masses of squarks are constrained irrespectively of light sgoldstinos. These constraints again come
from FCNC processes and CP-violation, but now occuring due to the exchange of superpartners of ordinary particles [20].
The bounds depend on the masses of squarks, m˜Q, and gluinos, M3. As an example, at
m˜Q =M3 = 500GeV (15)
one has [20]
√
|Re [(δ(D)12 )2]| ≡
√
|(Re m˜(LR)2D,12 )2 − (Im m˜(LR)2D,12 )2|
m2Q
. 2.7 · 10−3 from ∆mK , (16)
√
|Im [(δ(D)12 )2]| ≡
√
2|Re m˜(LR)2D,12 Im m˜(LR)2D,12 |
m2Q
. 3.5 · 10−4 from ǫ , (17)
|Im (δ(D)12 )| ≡
|Im m˜(LR)2D,12 |
m2Q
. 2.0 · 10−5 from ǫ′/ǫ .
Note that the limits (16), (17) apply precisely to those combinations of Re m˜
(LR)2
D,12 and Im m˜
(LR)2
D,12 which enter Eqs. (6)
and (8), respectively.
In the case of maximum CP-violation in the squark sector, i.e., at Im δ
(D)
12 ∼ Re δ(D)12 , one may take, as the best case,
δ
(D)
12 ∼ 2 · 10−5; then the constraint (8) implies
√
F > 30 TeV .
Searches for decays K0L → ππP would be sensitive to larger
√
F . The values of
√
F accessible to these searches are
comparable to astrophysical and reactor limits [8] which, however, apply only to models with very light sgoldstinos,
mP . 1 MeV. Also for comparison, current collider searches for sgoldstinos of masses mP,S . 200 GeV are sensitive to√
F at the level of 1 TeV [4, 5, 6].
If CP is not significantly violated in the squark sector, Im m˜
(LR)2
12 ≈ 0, then larger values of flavor violating squark
masses are allowed, see Eq. (16). With the above values of squark and gluino masses, Eq. (15), δ
(D)
12 may be as large as
6
3 · 10−3. If this is so, searches for pseudoscalar sgoldstino in kaon decays are sensitive to even higher values of the scale
of supersymmetry breaking,
√
F & 85 TeV.
We present these estimates for illustration purposes only, as the allowed range of δ
(D)
12 depends substantially on the
parameters of superpartners in MSSM5. It is worth noting that the branching ratios of K → ππP decrease rather mildly
as
√
F increases: they scale as (
√
F )−4.
4. Effective interactions (1) lead also to direct mixing of neutral kaons and pion with the pseudoscalar goldstino,
LKP−mixing = B0fK · P (h(D)∗12 K0 + h(D)12 K¯0) (18)
LpiP−mixing = 1√
2
B0fpi(h
(U)
11 − h(D)11 ) · Pπ0 (19)
If sgoldstino is relatively light, these mixing terms also give rise to rare kaon decays. Namely, K0−P -mixing (18) induces
decays
K0S → γγ , K0S → e+e− , K0S → µ+µ− , (20)
K0L → γγ , K0L → e+e− , K0L → µ+µ− ,
with rates proportional to (h
(D)
12 )
2 and depending on couplings of sgoldstinos to photons and leptons, see Eq. (13). To
illustrate the situation with these decays, let us take
√
F = 1 TeV, Mγγ = 100 GeV and m
(LR) 2
L,11 = meA0, m
(LR) 2
L,22 =
mµA0, A0 = 100 GeV. Making use of the constraints (6), (8) one finds that the branching ratios of these decays must be
fairly small,
Br(KL → γγ, e+e−, µ+µ−) < 4.5 · 10−11 , Re h(D)12 ∼ Im h(D)12 ,
Br(KL → γγ, e+e−, µ+µ−) < 1.5 · 10−8 , Im h(D)12 ≈ 0 , (21)
Br(KL → γγ, e+e−, µ+µ−) < 7.5 · 10−14 , Re h(D)12 ≈ 0 .
Br(KS → γγ, e+e−, µ+µ−) < 7.5 · 10−14 , Re h(D)12 ∼ Im h(D)12 ,
Br(KS → γγ, e+e−, µ+µ−) < 1 · 10−16 , Im h(D)12 ≈ 0 ,
Br(KS → γγ, e+e−, µ+µ−) < 2 · 10−11 , Re h(D)12 ≈ 0 .
At larger
√
F the allowed branching ratios are even smaller. The branching ratios of K0S decays are below the sensitivity
of current experiments. In other words, available data on the decays (20) do not add extra constraints on Br(K0S → ππP ).
On the other hand, current experimental data [14] on leptonic decays of K0L
Br(K0L → e+e−) =
(
9+6−4
) · 10−12 , (22)
Br(K0L → µ+µ−) = (7.15± 0.16) · 10−9 . (23)
are comparable and even below than the right hand sides of Eqs. (21). This means that Eqs. (22) and (23) may give
stronger bounds on sgoldstino-quark coupling, as compared to Eqs. (6) and (8). The bounds coming from Eqs. (22), (23),
however, strongly depend on unknown parameters like
√
F , m
(LR) 2
L,ij and sgoldstino masses; in fact, in most part of the
parameter space the analysis of decays K0L → e+e− and K0L → µ+µ− either does not lead to new constraints, or leads
to relatively weak bounds on the branching ratios of the three-body decays of kaons. As an example, with
√
F = 1 TeV,
m
(LR) 2
L,11 = meA0, A0 = 100 GeV, and assuming Br(P → e+e−) ∼ 1, one finds from Eq. (22) the following new bound
Br(K0L → π+π−P (P → e+e−)) < 3 · 10−4 .
This is to be compared to Eq. (9); we see that new bound is indeed not much stronger than that coming from Eq. (8). In
more realistic case of higher
√
F , the bound implied by Eq. (22) is weaker than Eq. (9).
The most interesting consequence of π0 − P mixing, Eq. (19), are the decays
K+ → π+P , K0 → π0P , (24)
7
K+
pi+
pi0 P
Figure 3: K+ → π+P decay due to π0-P mixing.
which involves ordinary weak interaction as shown in fig. 3. As the mixing term (19) does not involve the flavor-violating
coupling h
(D)
12 , the constraints (7), (8) do not apply here. It is straightforward to see that current searches for two-body
decays (24) with P subsequently decaying into γγ, e+e−, µ+µ− or flying away from the detector, are sensitive to the scale
of supersymmetry breaking up to
√
F ∼ 1÷ 10 TeV, depending on squark masses, provided that mP < (mK −mpi).
5. For completeness, let us now discuss kaon physics in the case when, instead of pseudoscalar sgoldstino P , scalar
sgoldstino S is light. If mS < (mK −mpi), both charged and neutral kaons can decay into πS, the rates being
Γ(K+ → π+S) = |h(D)12 |2
B20
16πmK
· F ′(mP ,mpi,mK) ,
Γ(K0L → π0S) = (Re h(D)12 )2
B20
16πmK
· F ′(mP ,mpi,mK) ,
Γ(K0S → π0S) = (Im h(D)12 )2
B20
16πmK
· F ′(mP ,mpi,mK) .
where F ′ is again a correction factor; F ′ ≈ 0.9 at mP ≈ 0.
Search for scalars in two-body decays of kaons, K → πS, with S either flying away or decaying into two photons or
lepton pair inside the detector, is well explored area of experimental kaon physics. In particular, depending on the channel
of S-decay, the existing limits on K+-decay are in the range Br(K+ → π+S) < 10−7 to Br(K+ → π+S) < 10−9. These
limits are much stronger than the bounds analogous to Eqs. (7) and (8), so the consideration of K0L−K0S mass difference
and CP-violation in kaon system is not relevant if S is light. The sensitivity to
√
F of searches for rare kaon decays
K+ → π+S is in the range up to 103 − 104 TeV, provided that the scalar sgoldstino mass is smaller than (mK −mpi)
(see Ref. [8] for details). Similar analysis applies to K0L → π0S decay, and searches for rare neutral kaon decays have
sensitivity to
√
F of the same order.
Let us again note that if parity is violated substantially in sgoldstino-quark interactions, the discussion of this section
applies to P as well. The best place to search for both P and S (if any of them is lighter than (mK−mpi)) is then two-body
decays K → πP , K → πS.
6. Finally, as mentioned in Ref. [7], sgoldstinos heavier than kaons, though cannot be observed in kaon decays,
still contribute to K0L −K0S mass difference through the diagrams of fig. 1. If mS,P are larger than the hadronic scale,
sgoldstino exchange induces effective four-quark interactions at low energies,
L = 1
m2S
(
h
(D)
ij d¯idj + h
(U)
ij u¯iuj
)(
h
(D)∗
ij d¯idj + h
(U)∗
ij u¯iuj
)
+
1
m2P
(
h
(D)
ij d¯iγ
5dj + h
(U)
ij u¯iγ
5uj
)(
h
(D)∗
ij d¯iγ
5dj + h
(U)∗
ij u¯iγ
5uj
)
.
Making use of the Fierz identities one obtains, within vacuum insertion approximation,
∆mK = −1
6
Re (h
(D)
12 )
2 f
2
KB
2
0
mK
(
11
m2P
− 1
m2S
)
.
This implies a constraint on h
(D)
12 similar to Eq. (7) but now depending on mS , mP . Similarly, the mass differences of
neutral D- and B-mesons constrain h
(U)
12 and h
(D)
13 , respectively. These constraints are summarized in Table 1 where we
5At M3 = mQ = 1 TeV one would have
√
F & 120 TeV and 240 TeV instead of 30 TeV and 85 TeV, respectively.
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Experimental data [14] mP = 10 GeV mP = 100 GeV mP = 1 TeV
∆mK = 3.5 · 10−12 MeV |Re (h(D)212 )| < 1 · 10−12 |Re (h(D)12 )2| < 1 · 10−10 |Re (h(D)12 )2| < 1 · 10−8√
F > 22 TeV
√
F > 7 TeV
√
F > 2.2 TeV
∆mD < 5 · 10−11 MeV |Re (h(U)212 )| < 1.5 · 10−11 |Re (h(U)12 )2| < 1.5 · 10−9 |Re (h(U)12 )2| < 1.5 · 10−7√
F > 38 TeV
√
F > 12 TeV
√
F > 3.8 TeV
∆mB = 3.1 · 10−10 MeV |Re (h(D)213 )| < 5 · 10−11 |Re (h(D)13 )2| < 5 · 10−9 |Re (h(D)13 )2| < 5 · 10−7√
F > 29 TeV
√
F > 9 TeV
√
F > 2.9 TeV
Table 1: Constraints on SUSY models from measurements of mass differences of neutral mesons at various mP ; flavor
violating terms Re (δ
(D)2
12 ) = Re [(m˜
LR2
D12
/m˜2Q)
2], Re (δ
(D)2
13 ) = Re [(m˜
LR2
D13
/m˜2Q)
2], Re (δ
(U)2
12 ) = Re [(m˜
LR2
U12
/m˜2Q)
2] are set
equal to their current limits (see text) at equal masses of squarks and gluino, M3 = m˜Q=500 GeV.
assume for definiteness that mP < mS (the general case is treated in the same way).
To illustrate the sensitivity of meson mass differences to
√
F , we again choose parameters according to Eq. (15),
set Re (δ
(U,D)2
ij ) ≡ Re [((m(LR)U,D;ij)2/m2Q)2] equal to their experimental limits [20], namely, |Re (δ(D)212 )|1/2 = 2.7 · 10−3,
|Re (δ(U)212 )|1/2 = 3.1 · 10−2, |Re (δ(D)213 )|1/2 = 3.3 · 10−2, at mQ =M3 = 500 GeV and under these assumptions transform
the limits on hij into limits on
√
F . The results are also presented in Table 1.
Heavy sgoldstino exchange would contribute also to CP-violation in neutral meson systems. The corresponding
constraints on Im (h
(D)2
12 ) and Im (h
(D)2
13 ) are summarized in Table 2, where we again assume that P is lighter than S.
Experimental data [14] mP = 10 GeV mP = 100 GeV mP = 1 TeV
ǫK = 2.3 · 10−3 |Im (h(D)12 )2| < 6.5 · 10−15 |Im (h(D)12 )2| < 6.5 · 10−13 |Im (h(D)12 )2| < 6.5 · 10−11√
F > 28 TeV
√
F > 8.7 TeV
√
F > 2.8 TeV
ǫB < 1 · 10−2 |Im (h(D)13 )2| < 1.4 · 10−12 |Im (h(D)13 )2| < 1.4 · 10−10 |Im (h(D)13 )2| < 1.4 · 10−8√
F > 85 TeV
√
F > 26 TeV
√
F > 8 TeV
Table 2: Constraints on SUSY models from CP-violation in K0 − K¯0 and B0 − B¯0 systems at various mP ; assumptions
entering the bounds on
√
F are presented in the text.
The bounds on
√
F presented in Table 2 are obtained by taking mQ = M3 = 500 GeV, setting Im (δ
(D)2
12 ) equal to its
upper limit, |Im (δ(D)212 )|1/2 = 3.5 · 10−4, and assuming that Im δ(D)13 ∼ Re δ(D)13 ∼ 3 · 10−2. We see that the CP-violating
parameters in both kaon and B-meson systems are sensitive to the similar range of
√
F as the mass differences. Notably,
sgoldstino exchange may contribute significantly into CP-violation in B-mesons.
Clearly, the above estimates of
√
F depend on many unknown parameters. Still, we conclude that meson mass
differences and parameters of CP-violation are sensitive to an interesting range of
√
F even for relatively heavy sgoldstinos.
The authors are indebted to F. Bezrukov, A. Buras, S. Dubovsky, D. Semikoz, L. Stodolsky, V. Zakharov for helpful
discussions. This work was supported in part under RFBR grant 99-02-18410, CRDF grant (award RP1-2103), Swiss
Science Foundation grant 7SUPJ062239, and by the the Council for Presidential Grants and State Support of Leading
Scientific Schools, grant 00-15-96626.
Appendix 1
A prototype model with natural tree-level parity conservation in sgoldstino-quark and sgoldstino-gluon interactions is the
supersymmetric left-right theory whose gauge group is SU(3)c×SU(2)L×SU(2)R. Besides gauge superfields, it contains
goldstino superfield (cf. Ref. [13]) Z =
(
1√
2
(S + iP ) , ψz, Fz
)
, which is a gauge singlet, quark superfields Q and Qc (the
generation index is suppressed) transforming as (2, 1) and (1, 2) under SU(2)L × SU(2)R, two Higgs bidoublets, both in
(2, 2) representation, plus other fields which are required to break left-right symmetry spontaneously (see Refs. [21, 9, 10]
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for details). For convenience, let us denote the two Higgs bidoublets as Φ(U) and Φ(D). The relevant terms in the effective
Lagrangian are determined by a superpotential
W = FZ + σ
6
Z3 +Y(i)QT τ2Φ
(i)τ2Q
c + y(i)ZQT τ2Φ
(i)τ2Q
c + . . . , i = U,D , (25)
the gauge kinetic functions
f3 =
1
g23
(1 + 2η3Z + . . . ) , (26)
fL,R =
1
g2L,R
(1 + 2ηL,RZ + . . . ) , (27)
and the Ka¨hler potential
K = Kcan +Knon−ren. ,
the latter containing canonical kinetic terms for chiral superfields and also non-renormalizable terms,
Knon−ren. = −αZ |Z|
4
4
−BQ|Z|2QQ∗ −BQc |Z|2QcQc∗ + . . .
The supersymmetric Lagrangian is then
L =
∫
d2θ (
1
4
faWaWa +W) +
∫
d2θ¯ (
1
4
f∗aW
∗
aW
∗
a +W∗) +
∫
d2θ d2θ¯ K . (28)
Left-right symmetry is realized as an involution, with the interchange of SU(2)L ↔ SU(2)R,
θ ↔ θ¯
Q ↔ Qc∗
Φ(i) ↔ Φ(i)†
Z ↔ Z∗
WL ↔ W ∗R
WSU(3) ↔ W ∗SU(3)
This symmetry imposes the following constraints on the parameters of the model,
F = F ∗
σ = σ∗
Y(i) = Y(i)†
A(i) = A(i)† , i = U,D (29)
η3 = η
∗
3
ηL,R = η
∗
R,L
BQ = BQc
where
A(i) ≡ Fy(i) .
To solve the strong CP-problem, one also requires
ηL = η
∗
L , ηR = η
∗
R . (30)
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All these conditions are valid above the scale MR at which the left-right symmetry is spontaneously broken. Below this
scale, the model reduces to MSSM with the sgoldstino superfield and with relations (29) valid at the tree level.
There exists a local supersymmetry breaking minimum of the scalar potential at which the F -component of the
sgoldstino superfield has non-zero value,
〈Fz〉 = F ,
Due to supersymmetry breaking, scalar and pseudoscalar components of Z acquire masses,
m2S = αzF
2 + σF , m2P = αzF
2 − σF .
Soft masses of squarks and gauginos, as well as trilinear soft terms are also generated. In particular, the gluino mass is
Mλ3 = η3F , (31)
and trilinear soft terms involve
Lsoft = A(i)Q˜T τ2Φ(i)τ2Q˜c , i = U,D (32)
where Q˜ and Q˜c are squark fields.
Finally, breaking of SU(2)L is arranged in such a way that Φ
(U,D) obtain real vacuum expectation values [10],
Φ(U) =
(
0 0
0 υU
)
, Φ(D) =
(
υD 0
0 0
)
, vU,D = real .
The soft term (32) then produces left-right entries in the matrix of squared masses of squarks,
m˜
(LR)2
D = A
(D)vD , m˜
(LR)2
U = A
(U)vU . (33)
The interactions of sgoldstinos S and P with ordinary quarks and gluons are read off from Eq. (28). Sgoldstino-gluon
interaction is due to the second term in Eq. (26),
LS,P,G = − 1
2
√
2
η3SGµνG
µν +
1
4
√
2
η3PǫµνλρG
µνGλρ . (34)
Equations (31) and (34) illustrate the relations between the gaugino mass and sgoldstino couplings to gauge bosons, cf.
Eq. (13). Note that the relations (29) indeed ensure parity conservation at the tree level.
The couplings of sgoldstinos to quarks come from the last term in Eq. (25). In view of Eq. (33) they can be written
in the following way,
LS,q = −
(
h
(D)
ij Sd¯idj + h˜
(D)
ij Sd¯i iγ
5dj + (d→ u)
)
,
LP,q = −
(
h
(D)
ij P d¯i iγ
5dj + h˜
(D)
ij Sd¯idj + (d→ u)
)
,
where we restored the generation indices and denoted
h
(D)
ij =
1
2
√
2
m˜
(LR)2
D,ij + [m˜
(LR)2
D ]
†
ij
F
≡ 1√
2
vD
F
A
(D)
ij + [A
(D)†]ij
2
,
h˜
(D)
ij =
1
2
√
2
m˜
(LR)2
D,ij − [m˜(LR)2D ]†ij
iF
≡ 1√
2
vD
F
A
(D)
ij − [A(D)†]ij
2i
.
Due to Eq. (29), the matrices m˜
(LR)2
U,ij , m˜
(LR)2
D,ij are Hermitian above the scale mR, and we come to Eqs. (1), (2), (4).
Hence, parity is conserved in sgoldstino-quark interactions at the tree level.
Below the scale mR of left-right symmetry breaking, relations (29) are no longer valid. In particular, A
(U,D) receive
non-Hermitian contributions in loops, and parity-violating couplings are generated. At the one-loop level, contributions
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to the non-Hermitian parts of A(U,D) come from diagrams involving (s)quarks and Higgs(ino)s (assuming the validity6 of
Eq. (30)). One obtains for the non-Hermitian part of A(D)
A(D) −A(D)†
2
=
1
32π2
(Y(U)Y(U)†A(D) +A(U)Y(U)†Y(D) − h. c.) · log M
2
R
M2weak
,
where Mweak is the electroweak scale. The tree-level values of Y
(U,D) and A(U,D) entering the right hand side are
Hermitian; by unitary rotations of quarks one makes Y(D) diagonal, Y(D) = Y
(D)
diag, whereas Y
(U) takes the form
Y(U) = VY
(U)
diag ,
where V is the CKM matrix.
Parity-violating coupling relevant for kaon decays is proportional to (A(D) −A(D)†)12. The contribution to this term
that does not contain small Yukawa couplings of d-, u-, s- and c-quarks is
1
2
(A(D) −A(D)†)12 = Y
2
t
32π2
(
V13V
∗
i3A
(D)
i2 −A(D)∗1i Vi3V ∗32
)
· ln M
2
R
M2weak
.
Assuming that A
(D)
12 is not particularly small compared to A
(D)
11 and A
(D)
22 , we find that the largest contributions here are
h˜
(D)
12
h
(D)
12
≡ (A
(D) −A(D)†)12
2A
(D)
12
=
Y 2t
32π2
(
VcbVtse
iφ1 +
|A(D)13 |
|A(D)12 |
VtbVtse
iφ2
)
· ln M
2
R
M2weak
,
where the phases φ1,2 are irrelevant for our estimates. With Yt ∼ 1 and |A(D)13 | ∼ |A(D)12 | we obtain
|h˜(D)12 |
|h(D)12 |
∼ 10−3 .
Assuming, by analogy to quark mixing, mild hierarchy |A(D)13 |/|A(D)12 | . (a few ) · 10−2 we would find instead
|h˜(D)12 |
|h(D)12 |
. (a few ) · 10−5 . (35)
Similar contributions to h˜
(D)
12 are expected from threshold effects. In terms of the branching ratios of kaon decays, this
means
Br(K0L → πP )
Br(KL → ππP ) . 10
−7 ,
Br(K0S → πP )
Br(KS → ππP ) . 10
−7 , Im h(D)12 ∼ Re h(D)12 ,
Br(K+ → π+P )
Br(K+ → π+π0P ) . 3 · 10
−5 ,
Of course, these estimates depend on many unknown parameters, but they do suggest that the two-body decays of kaons
are suppressed as compared to three-body decays.
Yet another source of parity violation in sgoldstino-quark interactions is the radiatively induced non-Hermitian part
in the Yukawa matrix Y(D). Its effect, however, can be shown to be even smaller than the estimate (35), cf. Ref. [22].
Appendix 2
Charged kaon decay into pseudoscalar sgoldstino and pions is suppressed in chiral theory. There are two types of contri-
butions into this process. The first one is due to isospin violation and originates from tree-level diagram proportional to
the mass difference between up- and down-quarks,
L = B0 (mu −md)
2
√
2f2pi
K+K¯0π−π0 . (36)
6If Eq. (30) does not hold at the tree level, there are also one-loop contributions involving gauginos. These contributions, however, are
proportional to quark Yukawa couplings, ∆A(D) ∝ Y(D), and hence are diagonal in the basis where Y(D) is diagonal. As the kaon decays
occur due to non-zero A
(D)
12 , the latter contributions are irrelevant for our purposes.
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This leads to K+ → π−π0P decay via K¯0 − P mixing,
L = B
2
0fKh
(D)
12 (mu −md)
2
√
2f2pim
2
K
K+π−π0P
Γ(K+ → π−π0P ) = B
4
0f
2
K(mu −md)2
84π3f4pim
4
K
|hD12|2F (mP ,mpi,mK)
where F (0, 0,mK) = 1, F (0,mpi,mK) = 0.3. For md −mu = 5 MeV we obtain
Br(K+ → π−π0P ) = 1 · 1010|h(D)12 |2 . (37)
Similar contribution from kinetic term
L = 1√
2f2pi
((
π−∂µπ0 − π0∂µπ−
) (
K+∂µK¯0 − K¯0∂µK+)
+
√
3
4
((
π0∂µK
+ −K+∂µπ0
) (
K¯0∂µπ− − π−∂µK¯0)+ (π−∂µK+ −K+∂µπ−) (K¯0∂µπ0 − π0∂µK¯0))
)
is suppressed at least by an order of magnitude as compared to Eq. (37).
The second type of contributions occurs in the next-to-leading order in momenta. Generically, the next-to-leading
amplitudes are sums of chiral loops and tree level contributions due to explicit higher order terms in the chiral La-
grangian [15],
Lint = L5 Tr
[
∂µU
†∂µU
(
iU †h(D) − ih(D)†U
)]
· 2B0P ,
where 3×3 matrix U describes light mesons. The dimensionless coupling constant L5 depends on the normalization point
µ; it runs according to
L5(µ2) = L5(µ1) +
3
128π2
log
µ1
µ2
and its value at the ρ-meson mass is L5(mρ) = (1.4 ± 0.5) · 10−3 [16]. The dependence of L5 on µ is cancelled out in
physical quantities by chiral loops [15].
The part of Lint relevant for the decay K+ → π+π0P is
LK+,P,pi0,pi− = L5
8
√
2B0
f3pi
h
(D)
12 P∂µK
+
(
π−∂µπ0 − π0∂µπ−
)
. (38)
The calculation of chiral loops is performed by making use of general technique developed in Ref. [15]. In standard
notations [15] the amplitude reads
A =
B0h
(D)
12
64
√
2π2f3pi
(
J¯
(
K, η, (pP + ppi+)
2
)(
mKEpi0 +
1
2
(
m2K −m2pi
) (
m2η −m2K
)
(
pP + p
+
pi
)2
)
−J¯ (K, η, (pP + ppi0)2)
(
mKEpi+ +
1
2
(
m2K −m2pi
) (
m2η −m2K
)
(pP + p0pi)
2
)
+J¯
(
K,π, (pP + ppi+)
2
)(
5mKEpi0 +
3
2
(
m2K −m2pi
)2(
pP + p
+
pi
)2
)
− J¯ (K,π, (pP + ppi0)2)
(
5mKEpi+ +
3
2
(
m2K −m2pi
)2
(pP + p0pi)
2
)
+2 (Epi+ − Epi0)
(
5k(K,π, µ) + k(K, η, µ)− 512π2L5(µ)
))
where
J¯ (A,B, s) = 2 +
(
∆
s
− Σ
∆
)
ln
m2A
m2B
− ν
s
ln
(s+ ν)2 −∆2
(s− ν)2 −∆2 ,
Σ = m2A +m
2
B , ∆ = m
2
B −m2A , ν2 = s2 +m4A +m4B − 2s
(
m2A +m
2
B
)− 2m2Am2B ,
k(A,B, µ) =
m2A ln
m2
A
µ2 −m2B ln
m2
B
µ2
m2A −m2B
.
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and EA is energy of particle A in the rest frame of decaying kaon. The dependence on the normalization point µ indeed
cancels out. In the limit of massless P one obtains
Br(K+ → π−π0P ) = 7.5 · 1010|h(D)12 |2 (39)
We note further that the isospin violation, Eq. (36), gives rise to s-wave amplitude, whereas the chiral loops together
with the term (38) lead to the p-wave amplitude. Thus, these two amplitudes do not interfere, and we merely sum up the
contributions (37) and (39). We obtain finally
Br(K+ → π−π0P ) = 8.5 · 1010|h(D)12 |2 .
We recall that this result is valid at small mass of the pseudoscalar sgoldstino P .
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